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Abstract 

Purpose In a previous phase of this work, a methodology 
oriented towards social Life Cycle Assessment (sLCA) was 
developed to assess the social impact of formalised 
recycling systems in low income countries. To support this, 
a literature review of social impact assessment methodolo¬ 
gies was carried out incorporating the social issues of both 
the informal and the implemented, formal recycling ap¬ 
proaches. The goal of this study is to determine the feasi¬ 
bility of applying this methodology by assessing the current 
social impacts of three Peruvian recycling systems based on 
two formalisation approaches. A further goal is to identify 
and measure the social impacts of the formalisation pro¬ 
cedures, thereby confirming or rebutting the expectations 
and forecasts of organisations (NGOs, Local Authorities, 
Ministries & Business) involved in the implementation. 
Methods The methodology developed was applied to three 
Peruvian recycling systems which had been formalised 
using two different approaches. One approach utilizes co¬ 
operation with recyclers’ associations and the second one, 
operated by the municipality uses formalised recyclers as 
employees. Interviews were conducted with local recycling 
system stakeholders in order to collect data to assess fulfil¬ 
ment of the social criteria. Three impact categories and 9 
subcategories were analysed using 26 indicators. To trans¬ 
form the qualitative information into numerical values, a 
score system 1 or 0 for the fulfilment or non-fulfilment of 
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social criteria was applied. After obtaining the indicators’ 
average scores, further characterisation by social impact 
subcategory was effected. The final scores for the subcate¬ 
gories show the fulfilment or otherwise of all social criteria 
related to the subcategory. 

Results and discussion The assessment substantiates similar 
negative impacts of both formalisation approaches for the 
social subcategories discrimination, recognised employment 
relationships and fulfilment of social benefit, physical work¬ 
ing conditions and education. The formalisation based on 
cooperation with recyclers’ associations reveals a positive 
social impact for freedom of association and collective 
bargaining, psychological working conditions and social 
acceptance whereas the method operated by the municipal¬ 
ity scores better for working time and minimum, fair in¬ 
comes. Regarding the methodology, no difficulties were 
detected in applying the indicators. 

Conclusions It can be concluded that although sLCA was 
originally used to analyse products and production processes, 
it is feasible to adapt it for the social assessment of recycling 
systems based on formalisation of the informal sector in low 
income countries. A comparison of current social impacts 
between different formalisation approaches using this meth¬ 
odology is also viable. A further conclusion is that it is feasible 
to measure the social impacts of formalisation approaches 
using the selected indicators and characterisation procedure. 
Social issues such as anti-discrimination policies, employment 
terms, payment of social benefits, preventive policies, occu¬ 
pational and health training and adult education can be im¬ 
proved following the evaluation. 

Keywords Developing countries • Formalisation • 
Recycling • Social impacts • Social indicators • Social life 
cycle assessment 
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1 Introduction 

The informal sector plays an important role in waste manage¬ 
ment systems in developing countries. It focuses mainly on 
recycling and therefore contributes significantly to the waste 
management of middle and low income countries. As a result, 
several cities in these countries have begun to recognise the 
economic, environmental and social contribution of the infor¬ 
mal sector to waste management systems. Various cities in 
India, Peru, Brazil, the Philippines and Colombia have devel¬ 
oped their recycling systems by formalising the informal 
sector and accommodating it in a waste management system 
(Rathi 2006; UN-HABITAT 2010; Gutberlet 2011; Wilson et 
al. 2009 and Medina 2000). Additionally, in some countries, 
e.g. Brazil, Colombia (Gutberlet 2011; Terraza and 
Sturzenegger 2010) and Pem (Pemvian 2009) national waste 
management legislation and waste management strategies 
have been implemented, aimed at a structured integration of 
informal recyclers into formal waste management activities. 

On the other hand, common social problems within this 
sector still exist, for example inappropriate working condi¬ 
tions, child labour, discrimination, social rejection, etc. 
Frequently, it is children, pregnant women and socially 
excluded groups who work in informal recycling. Local 
and regional waste policies as well as non-profit organisa¬ 
tions point to the implementation of formalisation ap¬ 
proaches as an attempt to reduce or eliminate these social 
problems. Promoters of formalisation (NGOs, municipali¬ 
ties, government) assume that such problems stem from 
informal recycling and thereby expect formalisation to yield 
positive social impacts. These social impacts, however, have 
been not precisely measured and evaluated. 

In a previous part of this research, a methodological 
approach for the social impacts assessment of recycling 
systems with formalisation approaches was developed, 
based on the social life cycle assessment methodology 
(sLCA) (SETAC Life Cycle Initiative 2009). The assess¬ 
ment of social impacts is a part of sustainability assessment, 
i.e. to consider environmental, economic and social impacts. 
While the first two have been established for years, no 
standard approach has yet been established for the social 
impacts addressed herein. The development of a methodo¬ 
logical sLCA approach for recycling systems complements 
the sustainability assessment (together with Environmental 
Life Cycle Assessment und Life Cycle Costing). Hunkeler 
(2006) concludes that “...societal life cycle assessment pro¬ 
vides a means to investigate how policy and policy makers 
can be linked to sustainable development...” and“.. .the goal 
of societal life cycle assessment is not to make decisions, 
but rather to point out tradeoffs to decision- or policy 
makers...”. The sLCA UNEP guidelines of SETAC Life 
Cycle Initiative (2009) states that “... sLCA provides infor¬ 
mation on social and socioeconomic aspects for decision 


making, instigating dialogue on the social and socioeco¬ 
nomic aspects...”. The methodology in this paper intends 
more to analyse the specific situation of formalisation ap¬ 
proaches than to support the direct decision making process. 

The present paper shows the application of this method¬ 
ology in three Peruvian cities with recycling systems based 
on two different formalisation approaches. The feasibility of 
applying this methodology to evaluate social aspects is 
analysed. The relevance of social impact categories, sub¬ 
categories, and indicators including their characterisation 
procedure are discussed. Similarities and differences regard¬ 
ing the social impacts, social weaknesses and the circum¬ 
stances causing these results are compared and analysed. 
This study attempts to point out, what kind of social impacts 
exist by each formalisation approach. This in turn will 
provide more information regarding the fulfilment of the 
expectations held by decision makers. 

2 Waste management and informal recycling in low 
income countries 

Low income countries have some similarities regarding their 
socioeconomic conditions. In these countries, waste man¬ 
agement systems are often not efficient and operate at low 
standards (Wilson et al. 2006). Scheinberg et al. (2006) 
defines waste management systems in low income countries 
as a “pre-modernised system based on a single disposal 
technology (dumping or landfilling). The waste manage¬ 
ment system is managed by a single major stakeholder: the 
local government sometimes supplemented by private waste 
collectors. Other actors—like recyclers—operate at the mar¬ 
gins, and have the status of informal sector”. 

The shortcomings of waste management systems in low 
income countries can be demonstrated by the low national 
coverage rates. Gamarra and Salhofer (2007) submit exam¬ 
ples of waste collection rates in Latin America (in Peru 
74 %, Mexico 70 %, and Uruguay 71 % in terms of % waste 
collected) and compare them with the waste collection rates 
of Central Eastern Europe and Central Europe, which are 
nearly 100 %. The authors specify the use of controlled 
dumps, uncontrolled dumps and sanitary landfills as the 
most commonly used end disposal systems in Latin 
America. The presence of informal recycling is identified 
by uncontrolled and controlled dumps. This situation, along 
with the deficient collection rates, allows the participation of 
the informal recycling under inadequate and uncontrolled 
conditions. Figure 1 presents a flow diagram of a common 
waste management system in Peru including informal 
recycling, as an example. The material flow corresponding 
to recyclable waste (plastic, glass, metal, paper and card¬ 
board) and residual waste (organic waste, non-recyclable 
waste materials, etc.) are indicated. 
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Fig. 1 Example of a typical 
waste management system in 
low income countries 



Informal recycling comprises individuals or groups that have 
no access to formal recycling activities. They are referred to by 
many names depending on the local language but they are 
usually known as scavengers, waste pickers or rag pickers 
(Medina 2000). Other authors prefer to designate them “re¬ 
cyclers” (Gutberlet 2011) in recognition of their recycling ac¬ 
tivities and their contribution to the recycling market in low 
income countries. For this work, “recycler” has been adopted. 

Recyclers extract recyclable materials (plastic, glass, 
metal, paper and cardboard) from dumping places, street 
bins, communal collection sites, etc. and sell the goods in 
order to improve their livelihoods (Scheinberg et al. 2006). 
They perform their activities under poor working conditions 
which represent a high risk to their health and living condi¬ 
tions. Numerous studies have shown the presence of dis¬ 
eases related to working with waste (Medina 2000; Wilson 
et al. 2006; Zurbriigg and Schertenleib 1998). Further stud¬ 
ies have identified other social problems: child labour, tru¬ 
ancy in schools, incomplete school education for adults and 
poor working conditions (Medina 2000; Wilson et al. 2006; 
Scheinberg et al. 2006; International Labour 2004). 

3 Formalisation approaches 

Political trends and socioeconomic and environmental problems 
related to inefficient waste management have led to several low 
income countries attempts to modernise their systems in order to 
bring them up to European or American waste management 
standards (Scheinberg et al. 2006). This modernisation is 
characterised by the transformation to complex integrated sys¬ 
tems, with multiple formal stakeholders, a wide diversity of 
technical operations and the expulsion or rejection of the infor¬ 
mal sector (Scheinberg et al. 2006). Despite the “modernisation” 


some cities have identified the need to recognise the contribution 
of the informal sector and its inclusion in formal waste manage¬ 
ment systems as an effective strategy. As a consequence, several 
formalisation approaches have been implemented in recent 
years, in order to improve waste management systems and to 
reduce the social problems of informal recyclers. 

Medina (2000) describes some public policies that try to 
encourage informal recyclers to engage in other occupations 
in order to reduce their informal activities (Medina 2000). 
Scheinberg et al. (2006) indicate that this approach fails to 
recognise that leaving their recycling activities would pre¬ 
cipitate a reduction in their incomes to below the minimum 
amount in these countries (Arroyo el al. 1998 cited by 
Scheinberg et al. 2006). 

Further studies about formalisation in low income coun¬ 
tries describe as main features the creation and support of 
recyclers’ associations, their inclusion in formal waste col¬ 
lection, the creation of a legal framework to support their 
integration (Peru and Brazil), the improvement of working 
conditions, the improvement of income through cooperation 
contracts with local authorities, the elimination of child 
labour, educational programmes, diversification of services, 
etc. Strategies implemented in the Philippines, India, 
Colombia, Mexico, Brazil and Peru are based on these 
measures (Wilson et al. 2009; Rathi 2006; Medina 2000; 
Gutberlet 2011; Scheinberg et al. 2010). Figure 2 shows a 
flow chart of a commonly implemented formalisation ap¬ 
proaches in low income countries. 

4 Peruvian case studies 

The Peruvian waste management system is regulated by the 
Peruvian Environmental Law and Peruvian Waste General 
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Fig. 2 Formalisation approach 
based on cooperation with 
recyclers' associations 



Law (MINAM Ministry of Environment 2011). Main stake¬ 
holders are the municipalities, the National Agency for 
Environmental Health, the Ministry of Environment 
(MINAM), households, businesses, industries, formal service 
providers and operators (e.g. private waste collectors, formal 
recycling industry) and informal recycling sector. In the aver¬ 
age of Peru, approximately 70 % of waste is formally collect¬ 
ed by municipalities, and the rest is collected by informal 
recyclers in streets, dumpsites, and diverse places (markets, 
restaurants, etc.). Municipal waste is collected and transported 
by compactor tmcks, open tmcks, dump trucks to transfer 
stations or directly to landfills. In some occasions the wastes 
are also transported to uncontrolled dumpsites (MINAM 
Ministry of Environment 2011). 

Main activity of the informal sector in Pem is the recovery 
and valorisation of inorganic recyclables. Further the informal 
sector sometimes provides an informal collection service in 
poor areas that are not covered by formal waste collection. 
Typically, informal waste collectors use tricycles to collect 
mixed waste in areas characterised by poor maintenance of 
roads. The collection and recovery of recyclables takes place 
in streets, in dumpsites, in transfer stations and in landfills. 
The inorganic recyclables go to junkshops that pack, process, 
and sell the material to recycling end-users, or to industries. 
The organic wastes are informally collected from restaurants 
and markets and then transported to piggeries (NGO 2010). 

The study for testing the developed methodology was 
conducted in three Peruvian cities: San Vicente de Canete, 
the Colca Valley, and Santiago de Surco. It should be made 
clear that this assessment was carried out by comparing only 
the households currently involved in the recycling systems 
of the three cities. As the assessment is related to the 
recycling services, a household located in Vicente de 
Canete is comparable with a household in the Colca Valley 
and Santiago de Surco and vice versa. 


San Vicente de Canete, located in Lima, Peru has a 
recycling system with a formalisation approach based on 
cooperation with recyclers’ associations. It was developed 
by an initiative between the local NGO IPES and formalised 
recyclers. It has a collection rate of 15 % (15 % of households 
of the city participate in the recycling system) (UN-HABITAT, 
2010). The second case study with a recycling system based 
on the same formalised approach is the Colca Valley located in 
Arequipa, Peru. The Colca Valley has 19 districts and 5 of 
them (Callalli, Yanque, Lari, Madrigal, Chivay) are involved 
in the recycling system, having a collection rate of 10 % (10 % 
of households of the city participate in the recycling system) 
(DESCO 2011). In this case, the drive to create a recycling 
system based on formalised recyclers came from the local 
NGO DESCO which worked together with informal recy¬ 
clers, formalising them by organising recyclers’ associations. 
The third case study pertains to Santiago de Surco, located in 
central eastern Lima, Peru. This district has a recycling system 
managed and operated by the municipality without the partic¬ 
ipation of organised recyclers as in the last two cities and it has 
a collection rate of 38 % (38 % of households of the city 
participate in the recycling system). The recycling system was 
founded and implemented with, exclusively, the support of the 
municipality (Municipality of Santiago de Surco 2011) 

The formalisation approach based on cooperation with re¬ 
cyclers’ associations (case study Colca Valley and San Vicente 
de Canete) has three main stakeholders who cooperated on the 
implementation and operation of the system: the municipality, 
a Non-Govemmental Organisation (NGO) and the recyclers’ 
association (former informal recyclers). While the NGO de¬ 
velops the project and finances the first steps of its implemen¬ 
tation, the municipality authorizes the access of the recyclers 
to the households and permits the formal collection of recy¬ 
clable materials. The formalised recyclers collect the recycla¬ 
ble materials (glass, paper, cardboard, metal and plastics) from 
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households without paying for them. They then transport the 
collected waste by tricycle and subsequently perform a more 
thorough, manual sift at tables in sorting centres. After this 
separation the recyclable materials are sold on the local 
recycling market. With this approach, the income of the re¬ 
cyclers depends not only on the price and quantity of materials 
sold, but also on the number of participating citizens. 
Measures were taken in order to improve the working condi¬ 
tions of the recyclers, i.e. campaigns to raise the awareness 
and identification of the population with the recyclers, vacci¬ 
nation campaigns, and recyclers’ access to health prevention 
and working equipment. 

In contrast, the city of Santiago de Surco has a recycling 
system operated entirely by the municipality. As the only 
stakeholder, the municipality has employed the recyclers as 
formal workers at the municipal recycling plant. The workers 
collect recyclable materials (glass, paper, cardboard, metal and 
plastics) door to door without paying any revenue to the 
households. The collected waste is transported with waste 
collection tmcks and the material is taken in by other workers 
at the municipal recycling plant. They separate more accurate¬ 
ly than by using a sorting system with conveyor belts. The 
workers receive a fixed income independent of the amounts of 
materials sold. The entire system is financed by the munici¬ 
pality. Access to adequate working equipment and to health 
and social insurance are some of the measures for improving 
the working conditions of the municipal workers. Table 1 
provides general information about the three case studies 
representing the two formalisation approaches. Figure 2 
(a typical formalisation approach based on cooperation with 
recyclers’ associations) shows the recycling systems in Colca 
Valley and San Vicente de Canete and Fig. 3 the flow chart of 
the recycling systems in Santiago de Surco. 

5 Methodology for social impact assessment of recycling 
systems based on formalisation approaches 

The methodological approach was developed in a previous 
phase of this work (Aparcana and Salhofer 2013). This meth¬ 
odology is based on the sLCA framework developed by 
SETAC Life Cycle Initiative (2009). The terms in this paper 
correspond with definitions in the UNEP-SETAC Guidelines. 

The procedure developed has been tested by applying it 
for the social assessment of three Peruvian recycling sys¬ 
tems. One goal is the determination of current social impacts 
related to formalised recyclers involved in recycling systems 
with formalisation approaches. A further goal is to identify 
and measure the social impacts of the formalisation ap¬ 
proaches themselves; thereby confirming, or refuting those 
impacts expected/forecast by organisations (NGOs, Local 
Authorities, Ministries & Business) involved in the imple¬ 
mentation of the systems. 


The structure of waste management systems in low in¬ 
come countries work similarly, having the same stages from 
waste collection to recycling and final disposal. The stake¬ 
holders involved in these activities are also similar: recy¬ 
clers, municipalities, citizens, recycling companies (see 
Fig. 1). Taking that into account, this study considers a 
waste management system as a process formed of several 
phases, where the recyclers are affected to various degrees 
regarding their working conditions, health and human rights 
(see chapter 2 and chapter 3). Different formalisation ap¬ 
proaches have different social impacts but all relate to the 
same social issues. This study assesses the social impacts of 
formalisation approaches on formalised recyclers. 

Through this methodology, the social impacts related to 
the social impact categories of human rights, working con¬ 
ditions and socioeconomic repercussions as well as the 
potential for social improvement were identified, measured 
and compared among the case studies. These three impact 
categories are subdivided into 9 social impact subcategories, 
which are analysed through 26 semi-quantitative indicators. 

The life cycle inventory for the three case studies was 
accomplished through interviews with the main stake¬ 
holders involved in the formalisation approaches (munici¬ 
palities, recyclers’ associations and NGOs) in September 
2011. These interviews not only provided information about 
the social impacts, but also about the context thereof. The 
stakeholders interviewed could furnish details related to the 
context of recycling systems that were pertinent to the 
assessment results. 

A check list of 56 open and closed ended questions used to 
collect the relevant information for the assessment of the 
social impact categories and their subcategories. The same 
check list was applied to all stakeholders with exception of the 
data collection for the subcategory psychological working 
conditions. In this case, the interviews were carried out only 
with the formalised recyclers. They could deliver more direct 
and reliable information regarding this impact subcategory, 
because it is mainly related to their work satisfaction level. 

Currently, there is no consensus about the characterisa¬ 
tion method for the social impacts. The UNEP-SETAC Life 
Cycle Initiative (2009) asserts that a scoring system can be 
used in order to evaluate and interpret the social data. 
Studies about different approaches for social impact assess¬ 
ment propose the application of scores, e.g. + or - (Brouwer 
and Van Ek 2004), 1 to 5 (Klang et al. 2003; Kijak and Moy 
2004) and the interpretation of results are based on a com¬ 
parison with international or local social regulations, e.g. 
Klang et al. 2003 for the social evaluation of management of 
demolition waste. Dreyer et al. (2010) developed a charac¬ 
terisation methodology oriented towards a preventive ap¬ 
proach that assesses social management measures and also 
uses an elaborated scoring system. The method proposed by 
Ciroth and Franze (2011) calls for expert judgement for a 
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subjective score assignment of 1 to 5 and for the interpreta¬ 
tion of social impacts. 

Spillemaeckers et al. (2001) develop a characterisation 
approach based on semi-quantitative indicators and the ap¬ 
plication of the scores 1 and 0 corresponding the fulfilment 
or non-fulfilment of the social criteria (international or local 
social conventions). The average of the scores for each 
impact subcategory is then calculated. This approach is also 
angled towards the assessment of human rights and working 
conditions. In a similar vein, Spillemaeckers et al. (2001) 
and Foolmaun and Ramjeeawon (2013) developed an sLCA 
approach for used PET bottles, where the data was obtained 
through surveys involving yes or no type questions. The 
authors converted qualitative inventory data and aggregated 
it using a score system with two steps: conversion of inven¬ 
tory results (indicators) into percentages, e.g. the number of 
workers answering yes to wage satisfaction in the survey is 
converted into a percentage (e.g. 55 % are satisfied with 
their wage) and assigned scores from 0 (very bad) to 4 (very 
good) to indicators and subcategories (e.g. a score 2 corre¬ 
sponds to 55 %). For sub-categories with more than one 
indicator, similar scores ranging from 0 to 4 were used for 
each indicator. The score for the subcategory was the aver¬ 
age of their indicator scores Foolmaun and Ramjeeawon 
(2013). The authors applied the same weight for all sub¬ 
categories and their indicators as with the other approaches 
described. 

The characterisation procedure for this methodology pro¬ 
poses the application of a score system for each indicator and 
assigns the values 1 and 0 for the fulfilment or non-fulfilment 
of the social compliance criteria. The answers given by each 
stakeholder interviewed have been converted into these 
values. Because several stakeholders were interviewed, the 
average score for each indicator was calculated. 

Ek ^ 

n 

Eq. 1: calculation of average score 
Si = Score for indicator i given by the stakeholder i 
n = number of interviewed stakeholders 
The result is an average, decimal score between 0 and 1 
for each indicator (26 in total). The average score calculated 
for each indicator represents the proportion of stakeholders 
(as a percentage) affirming fulfilment of the social criterion. 
At least 50 % of the stakeholders interviewed (0.5 average 
score) have to report the fulfilment of the social criterion in 
order to consider this result reliable. In this case, the social 
criterion is considered fulfilled and the average score is 
rounded up to 1. 

When the average score is less than 0.5, it signifies that 
less than 50 % of the interviewees reported fulfilment of the 
evaluated criterion and the score is rounded down to 0. 
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Fig. 3 Flow chart recycling 
system with formalisation in 
Santiago de Surco 



As mentioned above, only recyclers were interviewed 
regarding the indicators for the impact subcategory psycho¬ 
logical working condition. The score assignation and fulfil¬ 
ment criteria were defined differently for the indicators of 
both impact subcategories. A scale of 1 (very bad), 2 (bad), 
3 (medium), 4 (good) and 5 (very good) denoted degrees of 
satisfaction. In order to transform the scores obtained to a 
scale similar to that of the indicators in other subcategories 
(0 or 1), the following values were also assigned: 0, 0.25, 
0.5, 0.75 and 1 for the scale 1, 2, 3, 4 and 5, respectively. An 
average of the scores given by the recyclers has been calcu¬ 
lated. An average score higher than “medium” (0.5) con¬ 
notes fulfilment of the social criterion for the indicator and it 
receives the final score “1”. An average score lower than or 
equal to 0.5 means non-fulfilment of the social criterion and 
the final score “0” is assigned. The reason for applying a 
different scale for the impact subcategory psychological 
working conditions was the subjective evaluation of the 
recyclers about their own satisfaction levels. It was difficult 
for them to categorise their satisfaction feelings in only 2 
levels “yes, I am satisfied” (score 1) and “no, I am not 
satisfied” (0). In the case of the data collection for the other 
social subcategories, the information is fact based (e.g. use 
of uniforms, presence of training programmes, etc.) and 
fulfilment can be evaluated with “yes, there is..., yes, we 
have it” or “no, we do not have it... no, there is not”. 
However, for the psychological working conditions, the re¬ 
cyclers understood the 1 to 5 scale better and showed more 
willingness to elaborate on their answers. 

After obtaining the average scores of the 26 indicators the 
score for each subcategory was calculated and interpreted as 
follows: when all the indicators within a subcategory obtain 
the score “1”, the subcategory obtains the overall evaluation 
“1” meaning the fulfilment of all the social criteria for the 
subcategory. In the case that one or more indicators within a 
subcategory receive “0”, the subcategory also obtains the 


overall evaluation of “0” meaning the non-fulfilment of the 
social criteria related to the subcategory. The reason for this 
interpretation is that each indicator within a subcategory 
represents a basic social aspect to be fulfilled in accordance 
with social regulations. In order to obtain a positive 
subcategory evaluation all of the indicators within it have 
to be evaluated with “1”. The principle of choosing severe 
evaluation criteria for the results at subcategory level was 
also applied by Ekener-Petersen and Finnveden (2013). 

It is important to mention that although this evaluation is 
based on scores, these results are not relevant as numeric 
values. The aim is to show the differences between the case 
studies in terms of their social aspects. The results indicate 
which aspects of a formalisation approach are favourable or 
not. 

6 Results and discussion 

6.1 Characterisation results 

Table 2 shows the results of the social impact assessment for 
the indicator and subcategory levels respectively. The three 
recycling systems correspond to formalisation approaches 
described in chapter 2. 

6.2 Indicators relevance and applicability 
of the characterisation procedure 

Previous studies mention the use of direct and indirect in¬ 
dicators to measure the phenomenon that cause a social 
impact. Direct indicators are defined as traditional, quanti¬ 
tative and one-dimensional representations of a social im¬ 
pact, e.g. “number of employees under 15 years old” 
(Jorgensen et al. 2008; Dreyer et al. 2006). Indirect indica¬ 
tors aim to assess the preventive management efforts of the 
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company rather than the reported impacts (Jorgensen et al. 
2008); e.g. presence of management measures ensuring the 
training of workers in relation of safety and occupational 
work, instructions for the safe use of machines, etc. (Dreyer 
et al. 2010). 

As previously asserted, some social impacts can be better 
evaluated by using indirect indicators, which are based on 
preventive social policies. The findings of this study support 
this perspective for the assessment of working conditions. 
The absence of a formal policy to ensure appropriate health 
and security at work seems to negatively affect further social 
aspects like work accidents and cases of disease caused by 
the contact with waste. A social assessment employing 
indirect indicators can complement one made using direct 
indicators by showing more clearly the weaknesses of a 
formalisation approach. Indirect indicators are able to detect 
possible flaws based on the presence or absence of preven¬ 
tive social policies without analysing information given 
directly by the stakeholders. 

Regarding the semi-quantitative characteristic of the indi¬ 
cators, diverse studies (Jorgensen et al. 2008; Spillemaeckers 
et al. 2001, UNEP-SETAC Life Cycle Initiative 2009 and 
Dreyer et al. 2006) verify the ability of these indicators to 
measure and describe qualitative information through numer¬ 
ical units. As a result of this study it can be asserted that social 
impacts on formalised recyclers can be expressed by applying 
score systems. The data collected through interviews with the 
stakeholders of recycling systems can be easily transformed 
into numerical information. That allows the characterisation 
and the direct comparison of social impacts between recycling 
systems. It also allows the clear identification of their social 
weaknesses, similarities and differences. 

No difficulties were encountered during the data collec¬ 
tion steps, characterisation and comparison of results. The 
information collected through the interviews about the ful¬ 
filment of social criteria was transformed into scores. The 
calculation of indicators’ average scores, rounding up and 
down, and interpretation was easily accomplished, and re¬ 
flects both positive and negative social impacts of the 
assessed recycling systems. 

6.3 Social impact interpretation of the case studies 

The methodology developed was tested in two different 
formalisation approaches implemented in three Peruvian 
recycling systems. The aim was to determine the feasibility 
and applicability of this methodology for assessing the 
contribution of formalised recycling systems in terms of 
social impacts, compared to recycling systems based on 
informal recyclers. In chapters 2 and 3, the social problems 
of informal recyclers in low income countries were de¬ 
scribed. Substandard working conditions, discrimination, 
child labour, poverty, poor health conditions, lack of 
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education, and low work satisfaction are some of the social 
problems commonly identified. The two formalisation ap¬ 
proaches were analysed and compared, in order to determine 
their differences regarding social impacts. For this study, it 
is assumed that a recycling system without formalisation 
(based on informal recyclers) does not fulfil any of the 
social criteria of this methodology and scores 0. 

In order to perform this assessment, the functional unit is 
defined as the amount of household recyclable waste col¬ 
lected by one house during 1 year. Based on the Peruvian 
national average waste generation rate and waste composi¬ 
tion rate (see MINAM Ministry of Environment 2011), the 
functional unit amounts to 60 kg/inhabitant-year of collect¬ 
ed recyclable household waste. 

In low income countries, the collection of recyclable 
waste can be carried out by the municipality, informal re¬ 
cyclers or formalised recyclers. The definition of a function¬ 
al unit allows the application of the methodology to different 
recycling systems. The recycling activities that are consid¬ 
ered for the analysis are the recyclable waste collection and 
manual pre processing. 

6.4 Human working rights 

The results of this study reveal that both formalisation 
approaches did not show any differences regarding their 
social impacts for the social subcategories child labour and 
discrimination. Both were positively and negatively evalu¬ 
ated, respectively. An explanation for this result might be 
that Peruvian social regulations for the formal labour market 
strictly limit the working activities of those less than 18 years 
old. The formalisation approaches assessed have sought to 
fulfil this legal social criterion. With regard to the 
subcategory discrimination, both formalisation approaches 
obtained a negative evaluation. Although they showed no 
differences between women’s and men’s incomes (meaning 
fulfilment of the indicator), they acquired a negative evalu¬ 
ation because of the absence of formal policies to ensure 
equal opportunities and rights. 

In respect of freedom of association and collective 
bargaining, the formalisation approach based on cooperation 
with recyclers’ associations fulfilled the social criterion and 
received a positive evaluation. In stark contrast, the 
formalisation approach operated by the municipality did not 
fulfil the social criterion and scored negatively. The main 
reason for this result is the absence of periodic or scheduled 
meetings between the municipality and the recyclers (workers 
at the municipal recycling plant) as an organised group. No 
coordination or negotiation activities were reported during the 
interviews. In the case of the formalisation approach based on 
cooperation with recyclers’ associations, consultations be¬ 
tween recyclers and other stakeholders were mentioned as a 
regularly activity. 


6.5 Working conditions 

For both formalisation approaches, the assessment did not 
reveal important differences in the following subcategories: 
recognised employment relationships and fulfilment of legal 
social benefits and physical working conditions. In relation 
to the first, although both approaches have legal employ¬ 
ment contracts with the recyclers, they obtained a negative 
evaluation for this subcategory. The reason is that none of 
them give the recyclers full access to legal social security 
and social benefits such as retirement pension or family 
health programmes. In the case of the formalisation ap¬ 
proach operated by the municipality, this can be explained 
by the short term contracts given to some of the recyclers. 
This type of working contract does not allow full access to 
social security programmes. The formalisation approach 
based on cooperation with recyclers’ associations works 
on the basis of participation agreements between them and 
the municipality. The associations and their members as¬ 
sume responsibility for their subscription to social 
programmes but they are not compelled to fulfil this duty 
and they are not scrutinised by the municipality or any other 
authority. They apparently have no awareness of the impor¬ 
tance of securing these social benefits and do not sign up for 
them. 

Neither formalisation approach fulfilled of all social in¬ 
dicators within the subcategory physical working conditions. 
An interesting exception is the result from the indicator: 
access of workers to preventive health programmes. Here, 
the formalisation approach based on cooperation with recy¬ 
clers’ associations gained a positive evaluation in contrast to 
the formalisation approach operated by the municipality, 
which was negative. In the first example the study detected 
meaningful support from NGOs working for the implementa¬ 
tion of the formalisation, in providing recyclers with access to 
health prevention programmes (access to private health insur¬ 
ance with funding from the sale of recyclable materials or 
government health programmes for people in extreme pover¬ 
ty, etc.). It seems that the NGOs take the recyclers’ need for 
these programmes strongly into account. In the case of the 
formalisation approach operated by the municipality, not all 
workers have access to health programmes. An explanation is 
the presence of short term contracts, which do not cover the 
costs of health programmes for the workers, who themselves 
are not able to assume these costs. 

It should be mentioned that absence of a formal policy for 
occupational health and safety could have a negative effect 
on working conditions in the two formalisation approaches. 
This lack of preventive policies is manifested in the case 
studies evaluated by the incidence of work accidents and 
diseases caused by contact with waste. This finding supports 
the assertion that the implementation of preventive measures 
and social policies can ensure a positive social impact of the 
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formalisation approaches regarding physical working 
conditions. 

Significant differences were identified for the subcate¬ 
gories working hours, minimum and fair incomes and psy¬ 
chological working conditions. During the interviews it was 
noted that no overtime was paid to recyclers in the 
formalisation approach based on cooperation with recyclers’ 
associations. Although working times were initially agreed 
and essentially fixed, the recyclers currently work longer 
hours. For this reason the formalisation approach was neg¬ 
atively evaluated. The recyclers’ income depends directly 
on the market prices and the amount of recyclable materials 
collected and sold. Price or quantity downturns mean the 
recyclers have to work longer to reach an adequate income. 
In contrast to this situation, it was observed that the re¬ 
cyclers from the system operated by the municipality usu¬ 
ally work the hours agreed in their working contracts. The 
reason for that is their fixed payment, which does not 
depend on the market prices or amounts of waste material. 
The recyclers’ income is not influenced by negative condi¬ 
tions (market or collected waste amounts). 

The results described in the social subcategory working 
time have a strong correlation with the following impact 
subcategory: minimum income and fair income. In this 
subcategory, the formalisation approach operated by the 
municipality showed also better results than the 
formalisation approach based on cooperation with recyclers’ 
associations. The first received positive evaluations for the 
four indicators within this subcategory. The second, howev¬ 
er, was negative evaluated on the indicators related to aver¬ 
age and minimum income. This result can be explained by 
the fact that associated recyclers often face sharp fluctua¬ 
tions in prices and recyclable waste amounts (sometimes 
citizens do not separate their wastes or do not give them to 
the recyclers). This reduces their incomes which then do not 
reach the legal minimum or average wage. In the case of the 
formalisation approach operated by the municipality, in¬ 
comes are fixed and are not influenced by such fluctuations. 

It is interesting to note the results obtained for the social 
subcategory psychological working conditions. Although 
the recyclers at the municipal recycling plant receive higher 
incomes, reaching the legal minimum and the average in¬ 
comes for the sector, the overall evaluation for this 
subcategory was negative. Less work satisfaction was found 
and less willingness to continue working in the same 
recycling activities than in the case of the formalisation 
approach based on cooperation with recyclers’ associations. 
A possible explanation for this might be that the associated 
recyclers are happy with the improvement of their working 
conditions in comparison with their previous working situ¬ 
ation (working at waste dumps and on the street). 
Additionally, the associated recyclers, who also perform 
the door-to-door collection, reported satisfaction in the 


recognition of their work by residents and other stake¬ 
holders, their contribution to environment protection and 
their feeling of having a share in a better world. 

In contrast with the recyclers from the formalisation 
approach based on cooperation with recyclers’ associations, 
the recyclers from the formalisation approach operated by 
the municipality do not have any contact with the members 
of the public during their work. No direct feedback from 
citizens about the recognition of their recycling activities 
exists. For this reason, they are not psychologically moti¬ 
vated to contribute to environmental improvement. This 
would also negatively influence work satisfaction. 

6.6 Socioeconomic repercussions 

One subcategory was evaluated within this social category: 
education. Both formalisation approaches received negative 
evaluations in the subcategory access to education. This was 
caused by the lack of adult training for the recyclers, mean¬ 
ing the absence of adult education programmes for 
supporting or encouraging self-development. The promo¬ 
tion of self-development is important not only because of 
its positive impact on work satisfaction but also because of 
the possibility of improving the recycling business and of 
increasing access to new economic sources through gaining 
useful knowledge. Regarding the indicators educational lev¬ 
el and no school absence of children of recyclers’ families, 
both formalisation approaches were positive evaluated. 

A limitation of this study was the evaluation based only 
on the reliability of the stakeholders’ answers. A way to 
balance the answers given by individual stakeholders was 
the application of a score system and the calculation of 
average scores. It is recommended using and including local 
reports or studies in the evaluation where possible. The 
information from these documents would counterbalance 
the reliability of stakeholders’ answers. For the social as¬ 
sessment, the inclusion of more management indicators is 
recommended. They should be based on preventive social 
policies in order to more accurately evaluate the current 
social impacts of a recycling system. 

7 Conclusions and recommendations 

It is concluded from this study that although the sLCA is 
normally used for the assessment of products and produc¬ 
tion chains, it is feasible to apply this methodology to the 
social assessment and comparison of recycling systems 
based on formalisation approaches. The adopted indicators 
and the characterisation procedures facilitate the assessment 
and interpretation of the selected impact categories and sub- 
categories. In relation to the indicators, it can be concluded 
that the use of indirect indicators based on preventive social 
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policies is feasible for assessing current social impacts of 
recycling systems. It is also concluded that the social weak¬ 
nesses of formalisation approaches as well as their positive 
aspects can be identified through the application of semi- 
quantitative indicators. 

Regarding the social impacts of formalisation approaches, 
the one based on cooperation with recyclers ’ associations 
achieves positive social impacts in the subcategories freedom 
of association and collective bargaining, psychological work¬ 
ing conditions, while the formalisation approach operated by 
the municipality shows positive social impacts in the sub¬ 
categories working hours and minimum and fair wages. The 
assessment displays similar results for both approaches re¬ 
garding child labour. Negative social impacts for discrimina¬ 
tion, recognised employment relationships and fulfilment of 
social benefits, physical working conditions and education 
were identified for both formalisation approaches. These as¬ 
pects need to be improved by both formalisation approaches. 

Regarding the income of recyclers, the study shows the 
need to stabilise payments in the formalisation approach 
based on cooperation with recyclers ’ associations, the aim 
being the reduction of negative influences of price and waste 
amount fluctuations. 

Acknowledgments The authors would like to thank Dr. Ines Omann 
for her support and recommendations for this paper and the OEAD— 
Austrian Agency for Cooperation in Education and Research for the 
financial support of this study. 


References 

Aparcana S, Salhofer S (2013) Development of a social impact assess¬ 
ment methodology for recycling systems in low income countries. 
Int J Life Cycle Assess. doi:10.1007/sll367-013-0546-8 
Brouwer R, Van Ek R (2004) Integrated ecological, economic and 
social impact assessment of alternative flood control policies in 
the Netherlands. Ecol Econ 50:1-21 
Ciroth A, Franze J (2011) LCA of an ecolabeled notebook—consider¬ 
ation of social and environmental impacts along the entire life 
cycle. GreenDeltaTC GmbH, Berlin. ISBN 978-1-4466-0087-0 
Ciudad Saludable-NGO (2010) Recycling route in Peru. Socio¬ 
economic study about the value chain of recycling (Por la rata 
de reciclaje en el Peru, studio socio economico de la cadena de 
reciclaje). SKOLL and AVINA Fundations 
DESCO (Centre of education and promotion of development)-NGO 
(2011). Personal interview with a staff member of the NGO 
Dreyer C, Hauschild M, Schierbeck J (2006) A framework for social 
life cycle impact assessment. Int J Life Cycle Assess 11 (2):88—97 
Dreyer C, Hauschild M, Schierbeck J (2010) Characterisation of social 
impacts in LCA. Part 1: development of indicators for labour 
rights. Int J Life Cycle Assess 15:247-259 
Ekener-Petersen E, Finnveden G (2013) Potential hotspots identified 
by social LCA—part 1: a case study of a laptop computer. Int J 
Life Cycle Assess 18(1): 127-143 

Foolmaun R, Ramjeeawon T (2013) Comparative life cycle assessment 
and social life cycle assessment of used polyethylene terephthalate 
(PET) bottles in Mauritius. Int J Life Cycle Assess 18(1): 155-171 


Hunkeler D (2006) Societal LCA methodology and case study. Int J 
Life Cycle Assess 11 (6):371—382 

Gamarra P, Salhofer S (2007) A comparison of waste management 
in Peru and some Latin-American countries: an overview of 
major problems, characteristics and needs in the Region. In: 
Diaz L, Eggert L, Savage G (eds) Management of Solid 
Wastes in Developing Countries. CIS A Publisher, ISBN 978 
88 6265 000 7 

Gutberlet J (2011) Waste to energy, wasting resources and livelihoods. In: 
Integrated Waste Management, Volume I. Chapter 12. InTech, pp 
219-236. ISBN: 978-953-307-469-6. http://www.intechopen.com/ 
books/integrated-waste-management-volume-i/waste-to-energy- 
wasting-resources-and-livelihoods. Accessed 10 January 2012 
International Labour Organisation (2004) Addressing the Exploitation of 
Children in Scavenging (Waste Picking): a Thematic Evaluation on 
Action on Child Labour. ISBN PDF: 92-2-116662-7. http:// 
www.ilo.org/ipecinfo/product/viewProduct.do?productId=459 . 
Accessed 13 June 2012 

Jorgensen A, Le Bocq A, Nazarkina L, Hauschild M (2008) 
Methodologies for social life cycle assessment. J Life Cycle 
Assess 13:96-113 

Kijak R, Moy D (2004) A decision support framework for sustainable 
waste management. J Ind Ecol 8:33-50 
Klang K, Vikman P, Brattebo H (2003) Sustainable management of 
demolition waste—an integrated model for the evaluation of 
environmental, economic and social aspects. Resour Conserv 
Recy 38:317-334 

Medina M (2000) Scavenger cooperatives in Asia and Latin America. 
Resour Conserv Recy 31:51-89 

MINAM Ministry of Environment (2011) National Environmental 
Information System, http://sinia.minam.gob.pe/index.php? 
accion=verElemento&idElementoInformacion=l 191 &idformula. 
Accessed 15 August 2012 

Municipality of Santiago de Surco (2011). Personal interview with a 
municipal official in charge of the recycling plant 
Peruvian Congress (2009) Law N° 29419 Law for regulation of the 
recyclers’ activities, Peru, http://www.congreso.gob.pe/ntley/ 
Imagenes/Leyes/29419.pdf Accessed 22 December 2009 
Rathi S (2006) Alternative approaches for better municipal solid waste 
management in Mumbai, India. Waste Manag 26:1192-1200 
Scheinberg A, Anschutz J and Van de Klundert A (2006) Waste 
pickers: poor victims or waste management professionals? Paper 
N° 56 Workshop of Collaborative Working Group on Solid Waste 
Management in Low- and Middle Income Countries (CWG). 
Kolkata, India, http://www.cwgnet.net/prarticle.2006-01- 
27.9445 2 103 32/prarticle.2006-0 1-27.094965 723 8/ 
prarticleblocklist.2006-01-27.13 70579427/skatdocumentation.2006- 
01-27.2759111709/file. Accessed 21.June 2012 
Scheinberg A, Simpson M, Gupt Y (2010) Economic aspects of the 
informal sector in solid waste, GTZ, Eschbom, Germany, http:// 
www2.gtz.de/dokumente/bib-201 l/giz2011-0116en-informal-sec 
tor-solid-waste-management.pdf. Accessed 20 June 2012 
Spillemaeckers S, Mazijn B, Borgo E (2001) an integrated approach to 
chain analysis for the purpose of chain management by compa¬ 
nies. Study executed by the Centre for Sustainable Development. 
Gent, Belgium 

Terraza H, Sturzenegger G (2010) Dinamicas de organizacion de 
los recicladores informales. Tres casos de estudio en America 
Latina. Sector de infraestructura y medio ambiente. Nota 
tecnica N° 117. (Organization dynamics of informal recy¬ 
clers. Three case studies from Latin America. Infrastructure 
and environment sector. Technical note N° 117). Inter- 
American Development Bank 

UN-HABITAT (2010) Solid waste management in the world’s cities. 
Water and sanitation in the world's cities. United Nation Human 
Settlements Program, London. See http://www.unhabitat.org/ 


Springer 




1128 


Int J Life Cycle Assess (2013) 18:1116-1128 


pmss/listItemDetails.aspx?publicationID=2918 for further details 
(accessed 16/11/2011) 

UNEP-SETAC Life Cycle Initiative (2009) Guidelines for social life 
cycle assessment of products. United Nations Environment 
Programme. Life Cycle Initiative 

Wilson D, Velis C, Cheeseman C (2006) Role of informal sector recycling 
in waste management in developing countries. Habitat Int 30:797-808 

Wilson D, Araba A, Chinwah K, Cheeseman C (2009) Building recycling 
rates through the informal sector. Waste Manag 29:629-635 


Zurbriigg C, Schertenleib R (1998) Main problems and issues of 
municipal solid waste management in developing countries with 
emphasis on problems related to disposal by landfill. Third 
Swedish landfill research symposia. October 1998. Lulea. 
Sweden. Department of Water and Sanitation in Developing 
Countries (SANDEC) and Swiss Federal Institute for 
Environmental Science & Technology (EAWAG). http:// 
www. eawag. ch/forschung/sandec/publikationen/swm/dl/swm- 
problems-disposal.pdf. Accessed 21.06.2012 


4^ Springer 



